The study was carried out in the Lobéké national park located in Congo Basin with disturbed ecosystems. Five types of land uses were identified using transects; plantations, fallows, secondary forest, primary forest and wetland, covering respectively 9.84 ha, 26.66 ha, 2.07 ha, 25.17 ha and 1.32 ha. We use allometric equation of Brown to calculate carbon stocks. The most significant aboveground biomass was in primary forest (172.60 t C/ha). This value became 94.10 t C/ha when converting primary forest into plantations; for a loss of nearly 78.5 t C/ha representing more than 50% of the initial stocks. In secondary forest we had 169.26 t C/ha; 84.74 t/ha in young fallows and 140.86 t/ha in old fallows. So, deforestation and degradation are harmful to the environment; the conversion of a forest into a plantation can causes a loss of considerable stock of carbon per hectare of land converted. Even though agro forestry systems can lead to stock carbon, the best way of preserving our environment remain the preservation of the natural ecosystems.
Introduction
Mature forests and growing forests stock annually a quarter of anthropogenic emissions of CO 2 in their wood and soils (Bellassen, 2009) . Billions of tons of carbon are sequestered in tropical forests (Nadine et al., 2007) . To encourage developing countries to combat deforestation and forests degradation, Partnership Fund for the Carbon Forest (FPCF) and Fund for Forests in the Congo Basin (FFBC) were created respectively by the World Bank and the African Bank of development (ADB) (COMICAC, 2006) . Today, stocks of carbon in the atmosphere increase abnormally in the order of 3 billion tons per year (Bergonzini & Lanly, 2009 ). This increase is largely the result of human interventions, consequence of the use of fossil fuels and changes in the environment through deforestation and degradation of rainforests. Each year about 13 million hectares of forest are converted into other Types of Land Use (Charlie et al., 2009) . In 2004, this destruction was 17.4% of total emissions of the greenhouse gas (GHG); making of the change of vegetations the second cause of global warming after the use of fossil fuels (Anaïs & Perthuis, 2009 ). It should be suit to stabilize the climate by 2050, avoiding warming of 2ºC in comparison in 1970 (Spore, 2008) , to reduce by half the global GHG emissions. The Kyoto's protocol shortly addressed the issue of deforestation in the South countries because for the moment only the industrialized countries are concerned (Lal et al., 1995) . Opportunities already exist in the framework of Clean Development Mechanisms (CDM) that corresponds to investments in South (energy savings) by northern countries. Alternatives exist in deforestation issuing of carbon, particularly development of agro forestry systems that includes varies trees; very interesting from many points of view (Carbon binding, economic, environmental …) . In agro-ecosystems, changes in occupation of the land or in agricultural practices can also promote a carbon sequestration in soils (Zapfack, com. pers.) . The relocation of forests and grassland on cropland fall within this framework. There will be the accumulation of the increase of the biomass and soil carbon, the first course being majority in the case of the forest by a factor 10 (rate of 5 t/ha/year to a maximum increase of 0.5 t to the ground). The better management of pastures and land route offers potential for sequestration (0.1-1 t c/ha) that is significant at the global level considering that they cover more than 2 billion hectares (Harrisson & Agland, 1987) . Some studies have been carried out upon carbon sequestration in tropical Africa (Zapfack, 2005; Kotto et al., 1997; Ibrahima et al., 2002; Makana, 2009; Mugnier et al., 2009; Ingram & Fernandes, 2001; Dolman, 2002; Vanden Bygaart et al., 2002) .
The surrounding of Lobéké national park (Figure 1 ) was under a series of operations which transformed the forest environment since 1968. Large areas were transformed into secondary forest and even into land cultivated by populations which were installed later. The density of the population has increased rapidly since then. The purpose of the present study was to assess carbon stocks in disturbed ecosystems in the surrounding of the Park. 
Materials and Methods

Study Site
Lobéké Park is located between latitudes 2º 05' to 2º 30' N and longitudes 15º 33' to 16º 11' E ( Figure 1 ). Its area is approximately 217, 854 ha. The climate is typically equatorial with four seasons. Rainfall spread throughout the year with two peaks in April and October (Ekobo, 1995) . The maximum height of precipitation is approximately 1,500 mm/year. The Lobéké region is located in the Northwest of the Congolese basin slope, and is a part of the Congo basin with typical metamorphic formations composed essentially of quartzites, shales, limes stones and dolerites. The streams draining the area of Lobéké feed the rivers Sangha and Ngoko, two tributaries of the Congo River. On the phytogeographic plan, Lobéké region is a transitional forest between the evergreen forest of Dja and semi deciduous forest of Malvaceae and Ulmaceae (Letouzey, 1985) , families according to APG II (2003) .
Sampling
Floristic inventory was conducted by transects method (Sonké, 2004; White & Edwards, 2000) . It has advantage to cross the majority of biotopes that might exist in the ecosystem. Thus, transects of 2.5 km in length over 20 m in width were established (Figure 2 ) using compass. Each transect was subdivided along of 50 m were established by picketing. At the origin of the transect and at every 500 m along the transect, herbs and individuals with less than 5 cm DBH were inventoried in a distance of 10 m to assess biodiversity. Along each transect, all individuals of at least 5 cm of DBH were harvested. Similarly, at the origin and at every 500 m along each transect, samples of herbs, litter and underground root were collected. Sampling of weeds, litter and roots were collected along the transect using boards of sizes 1 x 1 m²; 0.5 x 0.5 m² and 0.2 x 0.2 m² respectively. These samples were dried using oven in lab in order to have a constant weight. 
Aboveground Biomass
The DBH obtained in inventories have been used for the assessment of the mass of the carbon sequestered by the different identified individuals. The most used allometric equation in tropical forest (Brown et al., 1989) 
Belowground Biomass
Samples of litter, small roots and herbaceous were dried in an oven until constant weight. When weight became constant after days of drying, it was concluded that all the water contained in the material is completely evaporated. Herbs, litter and underground roots' biomass were obtained by direct destruction. The roots were extracted from soil by washing the soil dug to a depth of 50 cm. In total, 78 soil samples (i.e. 1.56 m 3 of soil) were washed in the nearest stream of transect. Small-mesh sieve allowed obtaining roots from soils. Grass, litter and root samples collected in field were dried to constant weight in the laboratory for three days.
The weight of the big roots was estimated using the following formula Wr = 0.0264 (D²L) 0.775 where Wr is the weight in Kg, D the diameter in centimetre and L the length in meter. Total carbon is obtained by the sum of carbon in herbs, wood, litter and roots.
Statistical Analyses
We used STATISTICA 9.9 software, test ANOVA and test t STUDENT to compare data. We also used Arcview 3.3 software to draw maps. (Figure 3 
Results and Discussion
Diversity of Types of Land Used Identified
Secondary Forests
Secondary forest occupied 2.07 ha (3.18 %) due to the logging which greatly facilitated the conversion of very important secondary forests in 1968. Indeed it is easier to turn a secondary forest into plantations as a primary forest because of the facilities offered by logging (opening of roads…) where the preference of the populations in these areas which have now almost disappeared. We found in this TLU a few large Musanga cecropioides (11 individuals/ha) that were gradually replaced by other species such as Gilbertiodendron dewevrei (27 individuals/ha), Mareyopsis longifolia (14 individuals/ha).
Primary Forests
Primary forests covered a substantial part of the landscape of 25.17 ha (38.72%) after fallows. Primary forests are characterized by a mixture of evergreen and deciduous species. The most abundant species were: Mareyopsis longifolia (34 individuals/ha), Celtis adolphi-friderici (11 individuals/ha), Diospyros spp. (15 individuals/ha), Polyalthia suaveolens (8 individuals/ha), Rinoria sp. (6 individuals/ha), Petersianthus macrocarpus (6 individuals/ha). We found this vegetation away from inhabited areas generally 1.500 m or 2.000 m. it represents a significant proportion, including more than 50% of the transect area. This can be explained by two main reasons. These areas were most often very remote of the main area housing and difficult to access by the people (very rugged land) or unsuitable for agriculture (swamps, flooded in offices areas).
Wetlands
With about 1.32 ha (2.03%), these formations are all located along the rivers that feed the Sangha River. These areas are generally unsuitable for agriculture and are difficult to access. We met, especially species of the genera Mitragyna (80 individuals/ha) and Macaranga (25 individuals/ha) but also some Musanga cecropioides (8 individuals/ha) dispersed.
On the set of transects in the site, plantations and fallows were well represented. About 56.16% of inventory lands were already grown at least once. Human pressure on the forest is so mean as a whole but very emphasized around the main area settlement because these areas are a very low proportion of non-cultivated land and this most often more than 2 km of habitat. Non-crop swamp, primary and secondary forests represent 43.84% of landscape. In these three TLU, marks of anthropogenic activities only translate scattered across traps (subsistence hunting), so products are essentially intended for own consumption while a small portion is regularly sold in villages. Notes: Data affected with same letter explain that there is no significant difference between them.
The most important aboveground biomass is found in primary forest. This amount decreases gradually from secondary forest to plantation. Carbon in primary forest decreases from 123 t C/ha to 60 t C/ha when converting forest into plantation. This conversion leads to a loss of more than 50% of initial stocks that can return to the atmosphere. These carbon losses are especially due to forest exploitations and agriculture. This amount is less than 267.29 t C/ha obtained in primary forests in southern Cameroon. Zapfack (2005) estimated carbon stocks for all trees with a DBH ≥ 4 cm justifying its higher value carbon stocks per hectare. In this study, only timbers of a DBH ≥ 10 cm were harvested.
In secondary forest, the biomass is greater than 57.34 t C/ha found in Congo (Mosango, 1991) and less than 186.92 t C/ha found in southern Cameroon (Zapfack, 2005) .
The amounts of carbon increase from young fallow to old fallow. These amounts are close to that of Zapfack (2005) and comparable to the amount of carbon obtained by Kanmegne et al. (1999) in young fallows of Alchornea in humid lands in Cameroon.
In plantations, we noted that, carbon stocks depend of the age of the plantations, the types of culture and the density of timbers left when creating farms. Ten important timbers were harvested according to the amount of carbon stock: Ceiba pentandra (0.626 t C/ha), Entandrophragma cylindricum (0.548 t C/ha), Milicia excelsa (0.453 t C/ha), Anonidium mannii (0.437 t C/ha), Pericopsis elata (0.420 t C/ha), Gilbertiodendron dewevrei (0.408 t C/ha), Erythrophloeum ivorense (0.404 t C/ha), Guarea thompsonii (0.371 t C/ha), Alstonia boonei (0.341 t C/ha) et Gambeya beguei (0.33 t C/ha).
Belowground Carbon
There is no significant difference between the types of land used at p =0.05 (Table 2 ). The amount of belowground biomass is important in primary forest. This amount decreases gradually; secondary forest, old fallow, plantations, young fallow and wetland (Table) . It is noted that, the amount obtained in primary forest is in contrast with that of plantations; we note a loss of 14.22 t C/ha (38%) when converting primary forest into plantations. Notes: Data affected with same letter explain that there is no significant difference between them.
Litter
There is no significant difference between the types of land used (one-way ANOVA, F =8.180; p> 0.05, Table 3 ). The amounts of carbon from plantations, old fallows and primary forest are comparable with those obtained in evergreen forest in south Cameroon (Kanmegne, 2004) . In secondary forest, the amount of carbon is lower than that of Mosango (1991) in Democratic Republic of Congo. Mosango (1991) thought the amount of carbon of litter vary between 2.63 t C/ha and 7.19 t C/ha. Our results match with the gap of the variation of carbon stocks. Notes: Data affected with same letter explain that there is no significant difference between them.
Herbaceous
There is also no significant difference between the types of land used (one-way ANOVA, F =8.179; p>0.05, Table 4 ). Carbon stocks vary little in herbaceous. The overall amount of carbon stock varies significantly between the types of land used (one-way ANOVA; F = 3.971; p = 0.00308; Table 5 ). The overall amount of carbon found in primary forest is comparable with that of Kanmegne (2004) in ever green forest in south Cameroon (199 t C/ha). This amount is more than 137.70 t C/ha obtained by Nolte et al. (2001) in the same types of land used in south Cameroon; Nolte et al. did not take into account the biomass of herbaceous and roots. However, in the same forest, Ibrahima (2002) found 281.53 t C/ha in primary forest and Mosango (1991) 222.78 t C/ha. These authors considered timber of a DBH less than 10 cm. Data obtained in this study are considerably higher than those from the agro systems in the center of Himalaya in India and in tropical humid dense forest in Costa Rica (Prakash & Lodhiyal, 2009; William et al., 2011; Chavan & Rasal, 2012) .
Economic Value
To estimate the commercial value of the potential of woody in forests, we assumed the upgrading of all exploitable species only in logs without exception. In order to make a comparison on a realistic basis we also took into account the DMEad (Minimum Diameter of Exploitability administrative) of all exploitable species. Table 6 presents raw volumes, market volumes and economic value of marketable species identified in all types of land used. As shown in Table 6 the total marketable volume of primary forest represents itself only about 50% of the marketable potential (2183.95 m 3 equivalent to 133,376,397.2 CFA francs). The conversion of this primary forest into plantations results in a reduction of raw volume of 74% for a financial loss estimated at 2,375,225 CFA F/ha of converted land. At the same time, the increase in monetary value per unit area of marketable species from plantations to forest is justified by the reconstitution of the ecosystems over time; that is to say the increase in biomass following the sequence plantation, young and old fallows, secondary forest and finally primary forest as the climax stage. 
Ecological Value
The stocks of CO 2 decrease from primary forests to plantations (Table 7) ; during the conversion of a primary forest into plantations carbon stocks spend from 17, 463.01 tons to 3,394.64 tons and more than 50% tons of CO 2 per hectare return to the atmosphere. For the ecological value point of view, there is a clear will to urge the world community to limit the maximum degradation and deforestation. Indeed the total ecological value per unit area of the carbon dioxide in the case of the study site was 1,718,547.241 CFA francs in primary forests and 694,388.183 CFA francs in plantations; for a difference of more than 1,000,000 CFA F. 
Comparison between Ecological and Commercial Values
Comparison of economic and ecological values in the different types of land used is summarized in Table 8 . The commercial value of different types of land used is greater than the ecological value. In the case of our sample unit this difference was 190,699,847.9 CFA F. In fact, considering the rotation period (space of time between two successive passage of the operation at the same location) which is 30 years in Cameroon (order 0222/A/MINEF of 25 May 2001), laying down the procedures for the preparation, approval, monitoring and review of the implementation of management plans for forests for the production of the permanent forest estate in article 6, paragraph (g), it can be said that it takes 30 years to the State to obtain again the amount equivalent to the commercial value of such logs per unit area; for an amount of 5,299,443.627 F.cfa/ha every 30 years looking for this study the case of primary forests (Table 8) .
Ecological value is paid in 3 years interval. Considering the case of primary forests, this would require that every three years the State should cash a sum equivalent to 1,718, 547.241 CFA F/ha; for 6,874,188.964 CFA F/ha of primary forest after 12 years. This means that after 4 payments on the 10 normally expected to reach the 30 years, the ecological value per unit area in the case of primary forests will be already superior to its commercial value for a total difference of 11,886,028.78 F cfa/ha after the 30 years. In conclusion the carbon market is much more cost effective than the wood market considering as reference for the duration of rotation. 
Conclusion
Comparative analysis of the two possibilities of valorisation of the forest vegetation shows that in the short term business value is more cost-effective than the ecological value. In fact, approximately 12 years out of the 30 references (rotation) are needed to reverse this trend. This difference led to say that ecological valorisation is more cost effective and of a major importance for the Congo Basin forests both in economic and environmental terms. It is therefore imperative for the authorities in charge of the forest to find a compromise between the two modes of recovery of woodland while searching for the balance between the development in advocates for environmental purposes and rights of uses enjoyment of communities for economic purposes. The conversion of forest into plantation leads to a loss of important quantities of CO 2 . This amount of dioxide carbon is harmful to the environment.
